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Abstract
Introduction: UK countries implemented smoke-free public places legislation and increased the 
legal age for tobacco purchase from 16 to 18 years between 2006 and 2008. We evaluated the im-
mediate and long-term impacts of these UK policy changes on youth smoking uptake and inequal-
ities therein.
Aims and Methods: We studied 74 960 person-years of longitudinal data from 14 992 youths (aged 
11–15 years) in annual UK household surveys between 1994 and 2016. Discrete-time event history 
analyses examined whether changes in rates of youth smoking transitions (initiation, experimen-
tation, and escalation to daily smoking or quitting) or their inequalities (by parental education) 
were associated with policy implementation. Parallel analyses examined smoke-free legislation 
and the change in legal age. We interpret the results as a combined effect of the two pieces of le-
gislation as their implementation dates were too close to identify separate effects. Models were 
adjusted for sex, age, UK country, historical year, tobacco taxation, and e-cigarette prevalence, 
with multiple imputation for missing data.
Results: For both policies, smoking initiation reduced following implementation (change in legal 
age odds ratio [OR]: 0.67; 95% confidence interval [CI]: 0.55  to 0.81; smoke-free legislation OR: 
0.68; 95% CI: 0.56  to 0.82), while inequalities in initiation narrowed over subsequent years. The 
legal age change was associated with annual increases in progression from initiation to occasional 
smoking (OR: 1.26; 95% CI: 1.07 to 1.50) and a reduction in quitting following implementation (OR: 
0.57; 95% CI: 0.35 to 0.94). Similar effects were observed for smoke-free legislation but CIs over-
lapped the null.
Conclusions: Policies such as these may be highly effective in preventing and reducing 
socioeconomic inequalities in youth smoking initiation.
Implications: UK implementation of smoke-free legislation and an increase in the legal age for 
tobacco purchase from 16 to 18 years were associated with an immediate reduction in smoking 
initiation and a narrowing of inequalities in initiation over subsequent years. While the policies 
were associated with reductions in the initiation, progression to occasional smoking increased and 
quitting decreased following the legislation.
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Introduction
Tobacco smoking is reducing globally, but a rapid increase in 
smoking prevalence is predicted in low- and middle-income coun-
tries,1,2 and socioeconomic inequalities in smoking are major con-
tributors to inequalities in health in high-income countries.3–6 Most 
smoking begins during adolescence, those who establish an addiction 
earlier are more likely to smoke into adulthood,7,8 and inequalities 
in youth smoking uptake9–11 can be an important driver of inequal-
ities in smoking among adults.12 Prevention of youth smoking and 
reducing inequalities therein are important to achieving a smoke-
free generation13–15 and reducing the unequal burdens of disease that 
stem from smoking.
The United Kingdom implemented a comprehensive ban on 
smoking in public places in 2006 in Scotland16 and in 2007 for the 
rest of the United Kingdom.17 Smoke-free legislation has been as-
sociated with reductions in cardiovascular and respiratory condi-
tions and pregnancy-related complications among others18–21 and 
may have helped change social norms in the United Kingdom with 
smoking becoming less acceptable in public places.22,23 There is 
some evidence that smoke-free policies can reduce youth smoking 
as well.24–26 The World Health Organization (WHO) recommends 
smoke-free public places legislation to promote a smoke-free envir-
onment and reduce the harmful effects of secondhand smoke ex-
posure (SHS),27,28 especially among nonsmokers.29 However, many 
countries, especially low-middle income countries still do not have 
such legislation in place.30
The minimum legal age for tobacco purchase in the United 
Kingdom was also raised from 16 to 18 years in 2007 for England, 
Wales, and Scotland and in 2008 for Northern Ireland,31,32 that is, 
closely coinciding with the implementation of smoke-free policies. 
There is evidence that this reduced rates of regular smoking in UK 
youth33 and the WHO also recommends restrictions on sales of to-
bacco products to minors.27
While an Australian study demonstrated that adequately funded 
tobacco control measures could reduce adolescent smoking rates 
across socioeconomic groups,34 equity impacts of policies such as 
smoke-free legislation or raising the legal age for tobacco purchase 
are especially important as few tobacco control interventions (ex-
cept taxation) have as yet been able to demonstrate much success in 
reducing socioeconomic inequalities in smoking.9,35 Equity impacts 
on youth smoking are often not even examined.9 Existing evidence 
on the change in legal age suggests that impacts were similar across 
socioeconomic groups,33 while a US study found that smoke-free le-
gislation was associated with larger reductions in smoking preva-
lence among more advantaged young people.26
This study aims to estimate the immediate and long-term impacts 
of these UK tobacco control policies on youth smoking uptake and 
on socioeconomic inequalities therein. Our study allows for the in-
vestigation of both the immediate and long-term impacts of the legis-
lation, and so is the most comprehensive study to date of the equity 
impacts of these policies on youth smoking uptake.
Methods
Study Design
This study followed a pre-published protocol36 and complies with 
the TIDieR-PHP reporting guideline for evaluations of popula-
tion health and policy interventions.37 In line with previous work, 
smoking uptake was defined as a series of transitions, namely, 
initiation (ie, going from never having tried smoking, to having tried 
it once or twice); experimentation (or progression from having tried 
smoking once or twice to occasional but less than daily smoking); 
and escalation from occasional to daily use or quitting (without 
escalating to daily smoking).11 Of course, further transitions beyond 
these are possible (eg, quitting after escalating to daily smoking, or 
relapse after quitting), but our study focuses on these initial stages 
of uptake. Discrete-time event history analyses were conducted to 
examine whether changes in the probability of youth smoking tran-
sitions were associated with the implementation of the two policies. 
The implementation of these policies was considered a natural ex-
periment,38 and analyses investigated whether there was an imme-
diate or long-term change in the probability of smoking transitions 
after the country-specific implementation dates of each policy (eg, 
smoke-free legislation was implemented in 2006 for Scotland and in 
2007 for the rest of the United Kingdom). Each of the transitional 
stages was investigated using a separate model (ie, there was a model 
for initiation, one for experimentation, and another with escalation 
and quitting treated as alternate outcomes).
To avoid conflating factors affecting risk for different transitional 
stages, youths were only considered at risk for a smoking transition 
once they had made the preceding transition (ie, they were only at 
risk for experimentation once they had tried smoking once or twice). 
Consequently, each analysis included all person-years occurring be-
tween the ages of 11 and 15 (inclusive) except for those occurring 
after the transition of interest, or before the previous transition had 
occurred.
Data
Data constituted 74 960 person-years for 14 992 youths (each youth 
contributed data for five observations representing ages 11–15 years) 
from the British Household Panel Survey (BHPS) Youth Sub-Sample 
(1994–2008) and its follow-up Understanding Society (2009–2016). 
Of the total number of persons who completed the last wave of 
BHPS, 79.4% were followed up in Understanding Society.39 Both 
studies consist of random samples of UK households with booster 
samples for ethnic minorities (Understanding Society) and Scotland, 
Wales, and Northern Ireland (BHPS) and include data from youth 
self-completion questionnaires by young people aged 11–15 years. 
At age 16 years, participants in the youth subsample became part 
of the adult main survey and were not included in our analysis from 
that point.40 The rates of nonresponse in both studies are similar to 
those of other panel studies.39,41 The overall proportion of response 
for the youth self-completion questionnaire in the initial waves of 
Understanding Society was more than 77%.39 The response rate for 
individual interviews in the first waves of BHPS was more than 85% 
and this increased in subsequent waves.41
Variables
Outcome
The outcomes of interest were the smoking transitional stages. 
Transitions were coded based on annual self-reports of smoking 
status (Question: Do you ever smoke cigarettes at all? Response 
categories: Yes; No) and frequency (Question: Please read the state-
ments below and tick the box beside the statement that describes 
you best. Response categories: I have smoked only once or twice; 
I sometimes smoke but not every week; I usually smoke between one 
and six cigarettes a week; I usually smoke more than six cigarettes 
a week; I used to smoke but I don’t now).42,43 Year-by-year histories 
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from age 11 to 15 were created for each respondent. Initiation was 
coded as a transition from nonsmoking to any of the other smoking 
frequency categories, experimentation as a transition from having 
only smoked once or twice to any of the other frequency categories. 
Escalation and quitting were treated as alternative outcomes (rela-
tive to continued occasional smoking), respectively, representing 
transitions from other states to six or more cigarettes weekly or to 
saying that they used to smoke but don’t now.11 Retrospective data 
on the age of initiation were used to fill some gaps in prospective 
smoking histories.
Policy Implementation
The primary exposure variables were coded as for an interrupted 
time series analysis44 with a binary indicator that the policy had been 
implemented and a continuous variable representing the number of 
years since the implementation of the legislation (representing the 
change in trend following the legislation). This was computed using 
country and interview year. Since fieldwork for the BHPS was con-
ducted in the last quarter of each year (with legislation implemented 
earlier), respondents in Scotland were covered by smoke-free legis-
lation from 2006 and those in the rest of the United Kingdom from 
2007. Respondents in England, Wales, and Scotland were covered 
by the increased legal age for purchase from 2007, with those in 
Northern Ireland covered from 2008. While our original intention 
had been to try and separate the effects of these two policies,36 this 
seemed infeasible in practice as, due to the coincident implementa-
tion dates, the data only included 698 person-years (<1%) where 
coverage of the two policies differed. We, therefore, present a parallel 
analysis of each policy and interpret results as representing the com-
bined impact of both policies.
Parental Education
The highest educational attainment of respondents’ parents (no quali-
fication, other qualifications, or degree) indicated socioeconomic 
position. Educational level has been widely used to indicate the 
socioeconomic position in epidemiological research given its sta-
bility compared to other socioeconomic measures like household 
income or occupation.11,26
Confounders
Other factors likely to affect youth smoking behavior were controlled 
for in analyses. These included age (for initiation; for analyses of sub-
sequent transitions age was represented by two variables indicating the 
age of and years since the previous transition), gender, and country of 
residence within the United Kingdom (ie, England, Wales, Scotland, or 
Northern Ireland; this was coded at the person-level as changes were in-
frequent and none coincided with implementation dates). We accounted 
for overall temporal trends in smoking take-up by including the histor-
ical year (and a quadratic term to allow for nonlinear trends). Further 
adjustment was made for relevant temporal trends, namely, annual 
levels of tobacco taxation (measured as tobacco excise duty rate per 
1000 sticks), and rising adult e-cigarette prevalence from 2011 which 
some fear may renormalize tobacco smoking (coded as 0 for periods 
before 2011, with annual adult prevalence estimates used from 2011 to 
2016),45,46 though there is little evidence of this to date.47
Statistical Analysis
Analyses of transition timing require a complete history back to the 
starting point. A respondent, for example, who was observed from 
age 12 to 15, still requires data at age 11 to determine whether a 
transition had already occurred at that age. The complete case ana-
lysis, therefore, required discarding 42.7% of the fully observed 
person-years due to missing data on earlier person-years, losing 
47.5% of the unique individuals for whom there were fully observed 
years of data, and inducing a systematic bias against the inclusion of 
data at older ages. Imputation of missing data meant this observed 
data did not need to be discarded and therefore helps minimize bias. 
Multiple imputation was performed with an unconstrained two-level 
model of analysis variables in Mplus v8.48 This allowed for clus-
tering of person-year level data within persons, effectively utilizing 
the tendency for observations of smoking status and parental edu-
cation to correlate within individuals over time. Data on smoking 
status was missing for 23 085 (30.8%) person-years, and 740 youths 
(4.9%) had no data on parental education, while all other variables 
were either fully observed or could be derived from the historical 
year. Imputations of smoking status and parental education were in-
formed by all analysis variables and by selected auxiliary variables 
(parental occupational class, parental smoking, and household in-
come). Smoking status was imputed as an ordered categorical vari-
able (nonsmoker, ex-smoker, occasional smoker, and daily smoker), 
before being recoded into smoking transition variables within each 
imputed dataset. Results were averaged across 20 imputed datasets, 
and the sample characteristics of the imputed sample did not differ 
considerably from those of the fully observed person-years.
The discrete-time event history models for each of the transitional 
stages were run with smoke-free legislation as the exposure and then 
repeated replacing smoke-free legislation with the change in legal age 
(we also include a mutually adjusted model as supplementary infor-
mation, but this is difficult to interpret with such high collinearity). 
All models included the policy implementation variables, to indicate 
the immediate and long-term impacts of the policy change, and par-
ental education to estimate inequalities in transition probabilities. 
Interactions between parental education and years since the smoke-free 
legislation implementation were included to investigate the long-term 
equity impact of the legislation. Each model was also adjusted for sex, 
age, UK country, historical year, tobacco taxation, and national adult 
e-cigarette prevalence. Results are presented as odds ratios (ORs) with 
95% confidence intervals (95% CIs). Initiation and experimentation 
were modeled using logistic regression while quitting and escalation 
were modeled as alternate outcomes using multinomial logistic regres-
sion (with continued occasional smoking as the reference category). 
Predicted probabilities were calculated from the legal age change 
models in order to demonstrate trends, but findings from the smoke-
free legislation models looked very similar. Probability calculations 
used arbitrary values for variables that were not of interest, and prob-
ability calculations from the multinomial model of quitting and escal-
ation incorporate both outcomes such that a change in the risk for one 
outcome can affect predicted probabilities for the other. Both ORs and 
predicted probabilities are based only on those who are at risk for that 
transition (ie, those who have made the previous transition but not yet 
made the one in question). We further examined the sensitivity of find-
ings to an analysis using placebo implementation dates 5 years before 
and after the actual implementation dates.
Results
Descriptive
Sample characteristics are given in Supplementary Table 1, with both 
policies covering just below 75% of the 74 960 observed person-
years. Supplementary Table 2 presents some descriptive data on the 
timing of smoking transitions. Approximately one-third of the 14 
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992 youths in the study had tried smoking by age 15, with a mean 
initiation age of 13.7 years. Seventy-three percent of these progressed 
to occasional smoking, the majority of whom then either escalated 
to daily smoking (28%) or quit before doing so (61%). When exam-
ining complete cases, transitions appeared to occur earlier and less 
frequently, but this is likely due to the systematic bias against the 
inclusion of data from later person-years.
Policy Impacts
The full details of the models are presented in Supplementary Table 
3. Figure  1 shows ORs and 95% CIs representing the immediate 
impact of each policy on each smoking transition, and the change in 
trend following implementation (ie, the additional difference in risk 
per year since implementation). We also present ORs for the inter-
action between the change in trend and parental education (ie, the 
additional difference in risk per year since implementation for those 
whose parents had other or no qualifications relative to degree level 
education). The clearest evidence for impacts of the two policies is on 
the risk for initiation, and Figure 2 presents predicted probabilities 
showing how these effects impact on the overall trends in initiation 
by parental education. Regardless of which policy was treated as the 
exposure, there was a clear reduction in risk immediately following 
implementation. There was a post-implementation change in trend 
in the opposite direction, meaning that the steep pre-implementation 
downward trend leveled off somewhat in the years following im-
plementation. Additionally, there was an interaction such that in-
equalities by parental education narrowed with each year following 
implementation with risk for initiation in all socioeconomic groups 
converging near zero at the end of the study period.
With regard to the postinitiation transitions (experimentation, 
escalation, and quitting), there was less clear evidence of impacts. 
Figure 3 presents predicted probabilities showing how the policies 
impact on the overall trends. The trends for escalation and quitting 
reflect each other because these were modeled as alternative out-
comes; a change in the likelihood of either affects the likelihood of 
the other, especially since remaining an occasional smoker was rela-
tively rare (the same does not apply to the ORs in Supplementary 
Table 3 which represent the relative odds of each outcome com-
pared only against the reference category of remaining an occasional 
smoker). The change in legal age was associated with a change in 
trend in experimentation such that the odds of progressing to oc-
casional smoking (among those who had initiated) increased in the 
years following implementation (OR for years since implementation: 
1.26; 95% CI: 1.07 to 1.50). The change in legal age was also as-
sociated with a reduction in the odds of quitting (OR: 0.57; 95% 
CI: 0.35  to  0.94), though the pre-implementation trend toward 
increases in quitting continued in the postimplementation period, 
with escalation to daily smoking falling accordingly. Similar effects 
were observed when the smoke-free legislation was treated as the 
exposure, but these were smaller in magnitude and the CIs included 
the null (OR: 1.13; 95% CI: 0.98 to 1.31 and OR: 0.66; 95% CI: 
0.41 to 1.09, respectively).
Supplementary Table 4 presents a model mutually adjusting for 
both policies. This indicated that the reduction in initiation associated 
with policy implementation was most strongly linked to the change 
Figure 1. The effect of the policies on smoking transitions.
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in legal age, but for most findings, due to the high collinearity, the 
effect estimates for the policies diverged and the CIs widened con-
siderably. Supplementary Table 5 presents results from a complete 
case analysis. The CIs for most estimates overlap with those from the 
analyses of the imputed data, though there were some differences, 
for example, the reduction in initiation after policy implementation 
was not supported, while there was stronger evidence for narrowing 
of inequalities in initiation and evidence for reductions in experi-
mentation in the years following implementation. These differences 
are most likely due to biases against the inclusion of data at older 
ages in the complete case analysis. Sensitivity analyses with placebo 
implementation dates 5 years before or after actual implementation 
showed none of the observed impacts on initiation, experimentation, 
or quitting, though the 5 years after analysis did show an immediate 
increase in quitting (OR: 2.29; 95% CI: 1.06 to 4.95) with a change 
in trend in the same direction (OR: 1.48; 95% CIs: 1.07 to 2.03), 
while the 5 years before analysis showed a change in trend in quitting 
in the opposite direction (OR: 0.80; 95% CIs: 0.65 to 0.98). Thus, 
in all cases, the placebo date effects seemed to differ clearly from the 
“experimental” implementation date effects.
Discussion
Youth smoking initiation reduced immediately following the imple-
mentation of smoke-free public places legislation and an increase in 
the legal age for tobacco purchase from 16 to 18 years in the United 
Kingdom. The prelegislation declining trend in initiation flattened 
off in the years following implementation (perhaps due to a floor 
effect, as the reduction following implementation meant initiation 
rates had become very low). There was no immediate equity impact 
of the legislation, but inequalities in initiation narrowed in the years 
following the legislation, with rates converging toward zero. Risk of 
progression to occasional smoking after initiation rose in the years 
following the legislation and chances of quitting before escalating 
to daily smoking lowered when the legislation was implemented. 
These effects on experimentation and quitting were more clearly as-
sociated with the change in legal age, similar effects were seen for 
the smoke-free legislation but they were smaller in magnitude and 
the CIs crossed the null. However, considering less than 1% of the 
person-years analyzed differed with respect to whether these policies 
had been implemented, we are cautious about attributing any of the 
observed impacts on youth smoking uptake to either policy in iso-
lation of the other. Given the high degree of overlap in coverage of 
these two policy changes, the impacts observed could represent the 
effect of either policy or, indeed, the synergistic effect of both policies 
being implemented together.
The peak levels of initiation we observed in the late 1990s are 
consistent with our previous work in this dataset, and the subse-
quent declines in initiation rates roughly coincide with the then 
Labor government’s increasing focus on tobacco control following 
their 1998 white paper, “Smoking Kills”.49 While many existing 
studies on the impact of smoke-free legislation on young people 
concentrate on secondhand smoke exposure,28 our study focuses on 
the immediate and long-term impacts of the two policies introduced 
across the United Kingdom around 2007 on youth smoking uptake 
and any inequalities therein. Previous evidence on the implementa-
tion of these policies in the United Kingdom has looked primarily at 
the prevalence of regular smoking in repeat cross-sectional data.24,33 
Our study is consistent in finding reductions in uptake associated 
with these policies, but highlights that impacts could be due to either 
policy (or both) and adds that reductions are concentrated within 
the initiation stage of uptake, that is, they represent reductions in 
ever trying smoking. Critically, in contrast with evidence showing 
limited impacts of smoke-free legislation on inequalities in smoking 
prevalence among adults,50 we observed a narrowing of inequal-
ities in youth initiation following the 2007 legislative changes. This 
equity impact was not observed in the previous study of the legal 
age change,33 probably because our study had a longer period of 
follow-up to 2016, while the follow-up to 2008 would not have 
been able to capture the cumulative narrowing of inequalities that 
we observed (though they also used eligibility for free school meals 
to indicate socioeconomic status rather than parental education). 
Investigations such as this that examine both short- and long-term 
policy impacts are important because some impacts may take years 
to accumulate and not be immediately apparent. While we could not 
Figure 2. Effect of policy implementation on youth smoking initiation by 
parental education. Predicted probabilities are calculated based on the 
change in legal age models from Supplementary Table 3, for age 15 females 
in England, with e-cigarette prevalence at 0, and the tobacco excise duty rate 
held constant.
Figure 3. The effect of policy implementation on experimentation, escalation, 
and quitting. Predicted probabilities are calculated based on the change in 
legal age models from Supplementary Table 3, for age 15 females in England, 
with average parental education, e-cigarette prevalence at 0, and the tobacco 
excise duty rate held constant.
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clearly distinguish the effects of these two policies, US research which 
is better able to identify specific effects by capitalizing on cross-state 
policy variation has shown stronger effects for smoke-free legislation 
than for restrictions on sales to minors,25 though another US study 
indicated that smoke-free laws could exacerbate rather than alleviate 
inequalities in youth smoking uptake.26
Evidence on the immediate and long-term impacts of smoke-
free legislation on quitting among adults is inconsistent. While 
some studies have reported no difference in quitting after the im-
plementation of smoke-free legislation, other studies have dem-
onstrated a short-lived increase in quitting smoking returning 
to the prelegislation trend in the years following implementa-
tion.51,52 Our results suggest, if anything, a reduction in adoles-
cent quitting following the legislation (though we focused on 
quitting prior to establishing daily smoking) and an increase in 
progression to occasional smoking after initiation. These impacts 
may be driven by the reductions in the initiation, with those few 
who still initiate being those who are most likely to progress to 
occasional smoking and least likely to quit before establishing 
daily smoking.
Attribution of our observed impacts as causal effects of the 
two policies that were introduced rests on the assumption that 
there were no other confounding factors affecting smoking up-
take that also changed at this time, hence we adjusted our analyses 
for change in the taxation of cigarettes and the rising prevalence 
of e-cigarettes. We could not distinguish separate effects of each 
policy due to a high degree of overlap in their coverage, and it is 
possible that some other contextual change occurred around this 
time and is responsible for the observed impacts. Furthermore, 
compliance with both pieces of legislation appears to have been 
high, secondhand smoke levels in public places and the ease with 
which young people could purchase cigarettes both fell following 
implementation,33,53,54 and this compliance may have been critical 
to the effectiveness of the policies in this context. Nevertheless, 
to the best of our knowledge, our study is the first to provide evi-
dence of the immediate and long-term effects of these UK policies 
on inequalities in youth smoking uptake.
Regardless of whether it was caused by the smoke-free legislation 
or the change in legal age, the narrowing of socioeconomic inequal-
ities in initiation in the years since these changes is encouraging, 
especially given the weak equity impact of other population-level 
interventions.35,50 An area for further research is explicating the 
mechanisms of these impacts. Where potential mechanisms differ 
between the two policies, this may help differentiate which policy 
is actively responsible for the effect. For example, both policies may 
impact on social norms22,23 or restrict access to tobacco,25,33 but par-
ental smoking is a known risk factor for youth uptake55 and may 
have been impacted by the smoke-free legislation, but would be un-
likely to have been affected by the change in legal age (with most 
smoking parents aged >18 years).
Implementation of smoke-free legislation and an increase in the 
legal age for tobacco purchase from 16 to 18 in the United Kingdom 
were associated with immediate reductions in youth initiation and 
longer-term reductions in inequalities therein. It was unclear which 
policy was responsible for this impact; it may have been either or the 
synergistic effect of both. Regardless of which policy was respon-
sible, our findings demonstrate that public health policies like these, 
which have not yet been adopted in many countries, especially low-
middle income countries,30 may be highly effective in preventing and 
reducing inequalities in youth smoking initiation.
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